Rheumatoid arthritis (RA) is an autoimmune disease accompanied by hyperplasia of the cartilage caused by infiltration of inflammatory cells and resulting in joint damage. Diclofenac is one of the most prospective and commercially successful drugs in the family of nonsteroidal anti-inflammatory drugs (NSAIDs) used for the treatment of rheumatoid arthritis. Curcumin, a member of the curcuminoid family of compounds has antioxidant and anticarcinogenic activities which have been attributed to its hydroxyl and methoxy groups. Quercetin is categorized as a flavonol has been shown to exert antimicrobial, antiviral, anti-inflammatory and antioxidant activities. Curcumin and quercetin are antioxidant molecules with antiproliferative, anti-inflammatory and immunosuppressive activities. The objective of this study was to investigate the inhibitory activity of these three agents on inflammatory aspects of arthritis. This experiment was carried out on adult male albino rats and included two experiment, the first one aimed to show the changes occurred in some physiological and biochemical parameters in serum and tissue as a result of arthritis induction which was induced by injection 150 μl pristine. In the second experiment, five comparisons were made between normal control rats and another four animal groups suffering from arthritis. The 1 st group of them was injected intramuscularity with diclofenac (5mg/100g b.wt) for 1, 2 and 4 weeks. The 2 nd group was treated with diclofenac and administrated orally with 100 mg curcumin / 100 g b.wt. for 1, 2 and 4 weeks. The 3 rd animal group was treated with diclofenac and administrated orally 100 mg quercetin /100 g b.wt. for the same pervious intervals. The 4 th arthritic animal group treated with diclofenac, curcumin and quercetin as described before for the same times. In this study, the obtained results revealed that induction of arthritis in rats caused a significant elevation in the levels of C-reactive protein (CRP), interleukin-1α (rat IL-1α), interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α). Also, in arthriric rats, serum total antioxidant capacity (TAC) decreased while total oxidative capacity (TOC), total antioxidant, total nitric oxide (TNO) and resistin increased. In joint cartilage of arthritic rats, prostaglandin (PGE2), cyclooxygenase (COX-2), malondialdehyde (MDA) and resistin levels were remarkably increased compared to those normal control animals. All previous parameters were corrected after the administration of diclofenac with curcumin or/and quercetin depending on the time of treatment (1, 2 & 4 weeks). The data were discussed according to available obtained researches.
Introduction
The aim of the current study focused on the possible ability of diclofenac in limiting inflammation and joint cartilage erosion in an experimental model of arthritis rats. Because current treatments for arthritis result in unwanted side effects and tend to be expensive, the current work is also focused on the therapeutic effects of curcumin or/and quercetin dependent on time of treatment. Natural products devoid of such disadvantages offer a novel opportunity. Thus, the current work is a detailed discussion of the potential of natural agents for treatment of arthritis.
Material and Methods
This study was carried out on adult male albino rats (Rattus rattus) with 10 -12 weeks old to induce arthritis the animal were injected with 150 μl pristane (2,6,10,14-tetramethylpentadecane) intradermally, the dose was divided and given at two injection sites at the base of the tail (Vingsbo et al., 1996) . After ten days from injection, arthritis appeared as inflammation and swelling in the ankle or/and wrist joint. The midfoot or/and midforepaw (as extensor region) was also swollen.
In the second experiment, five comparisons were made between normal control rats and another four animal groups were suffered from arthritis. The 1 st group of them was injected intramuscular with diclofenac (5 mg/100 g b.wt/d) for 1, 2 and 4 weeks. The 2 nd group was treated with diclofenac and administrated orally 100 mg commercial curcumin / 100 g b.wt.
(Sigma Chem. Co., St Louis, Mo. U.S.A) for 1, 2 and 4 weeks. The 3 rd animal group was treated with both diclofenac and administrated orally 100 mg quercetin /g b.wt. (MEPACo, Egypt) for the same pervious intervals. The last animal group (4 th arthritis animal group) treated with diclofenac, curcumin and quercetin as described before for the same times.
Ten rats from each group were randomly selected at the end of each interval; autopsies were performed by inhalation anaesthesia with diethyl ether (Prolabo, El Nasr Pharma Co.). Blood was collected in dry clean test tube and left to clot. Sera were separated and cartilage samples were collected and frozen for measurement of physiological and biochemical parameters.
Estimation of serum biochemical parameters:
The levels of serum rat C-reactive protein (CRP), interleukin-1α (IL-1α), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), total antioxidant capacity (TAC), total oxidative capacity (TOC), total nitric oxide (TNO) and resistin were estimated using enzyme immunoassay (EIA) techniques (IBL Gesellschaft, Hamburg, Germany).
Determination of tissue studies:
Samples of knee joint cartilage were obtained at the end of each experimental period and wash with saline solution (0.9 % NaCl). After washing, these samples were homogenized in ice-cold 0.25 M sucrose containing 1mM diethylenetriamine penta-acetic acid (1:1 w/v). Each sample was then centrifuged for 20 min at 20,000 g and 4°C. The supernatant was aspirated and the levels of prostaglandin E 2 (PGE 2 ) and malondaldhyde (MDA) as well as the activities of cyclooxygenase-2 (COX-2) and lipoxygenase (LPO) were assayed by ELISA technique using commercial kits (IBL Co., Ltd.).
Statistic analysis:
Statistical difference between the means was assayed by the Student's "t" test for comparison between normal and arthritic rats group experiment. Two Way Analysis (ANOVA) followed by Duncan's multiple range test was used in the second experiment according to Duncan (1955) and Snedecor & Corchan (1982).
Results and Discussion
Table (1) illustrated the changes in the immunological profile parameters. CRP, rat IL-1α, rat IL-6, and rat TNF-α were elevated as a result of arthritis induction in rats by pristine injection. These results may be attributed to, RA is an autoimmune disease that is characterized by synovial lining proliferation, excessive angiogenesis, the accumulation of mononuclear cells in the synovium (Kramer et al, 2003 ) and a paucity of apoptosis (Mountz & Zhang, 2001 ). T and B lymphocytes and macrophages infiltrate the affected synovial tissues, and promote the release of high concentrations of pro-inflammatory cytokines, including TNF-α and IL-1. In response to these cytokines, the synovial fibroblasts proliferate vigorously and form pangs tissues, which destroy the cartilage and bone of the joints (Meinecke et al., 2005). -Data are expressed as mean ± standard error (SE).
-(*) refer to high significance (P<0.001).
-٪ of change from treated animal groups to control in the same row.
Several researches do not know exactly why RA develops. They speculate that a combination of factors including genetic susceptibility, abnormal immune response and certain changes in the body such as an infection or hormonal shift can trigger the development of RA (Lee and Weinblatt, 2001 and Yen et al., 2001). Infection by microbes, their products or injured endogenous cells will induce an inflammatory reaction, initially by interacting with pattern recognition receptors expressed on mast cell monocytes, macrophages and other cells of the innate immune system. These T (toll-like) receptors and Nod-like receptors transduce intracellular signals leading to the production and release of cytokines, eicosanoids and other inflammatory molecules that directly mediate cellular responses causing inflammation and recruiting all types of white blood cell to the site (Huston & Tracey, 2011). There for the most important role of cytokines in the development of an inflammatory state is the recruitment of white blood cells to the site of inflammation. The other functions have been attributed to the chemokines network such as angiogenesis, modulation of the immune response and fever (Baggiolini, 2001) .
Arthritis progression may be due to hyperplasia of the synovial lining. Although, the reason for the hyperplasia of the synovial lining in RA is not completely understood, impaired apoptosis or senescence has been proposed as a mechanism to explain their increased numbers.
Groups
Therefore, the stimulation of apoptosis of the synovial fibroblasts may be useful for treating RA (Baier et al., 2003). Resistin (ng/ml) 3.50± 0.041 7.72*± 0.112 120.42%
-Data are expressed as mean ± standard error (SE).
Table (2) showed that the level of serum TAC was considerable decreased while the levels of serum TOC, TNO and resistin were significantly increased in arthritic groups. These results may be attributed to low intake of major antioxidant nutrients and/or a redox balance shift towards the excessive production of ROS which might be a possible contributing factor. The overexpression in the NO production in arthritic rats may be attributed to a variety of immunological stimuli including pro-inflammatory cytokines inducing the expression of inducible nitric oxide synthase (iNOS) in a number of non-hematopoietic cells, including fibroblasts. The induction of iNOS may have either a toxic or a protective effect. In arthritis, NO induces the production of pathogenic cytokines such as TNF-α and IL-1α, in addition to certain chemokines that contribute to the disease progression in arthritis.
Although, resistin was first postulated to contribute to insulin resistance, it has recently been shown that resistin can trigger a proinflammatory state "in vitro" as well as "in vivo" Resistin (ng/mg) 0.649± 0.019 1.61*± 0.093 148.69% -Data are expressed as mean ± Standard Error (SE).
From table (3) demonstrated that knee cartilage levels of PGE 2 , COX-2, LPO, MDA and resistin were significantly (p<0.001) increased in arthritic group compared to normal control animals. These data may be attributed to the action of phospholipase A 2 (PLA 2 ) which hydrolyzes the fatty acid from the sn-2 position of membrane phospholipids. Free fatty acids thus released can be metabolized to various lipid mediators of biological importance. As arachidonic acid is the precursor of eicosanoids, PLA 2 represents the central enzyme involved in the generation of eicosanoids and hence, is the mediator of many inflammatory processes, including RA. The release of inflammatory lipid mediators, particularly PGE2, thromboxane A2 (TXA2) and leukotriene B4 (LTB4) is regulated by a cascade of reactions starting from PLA2 (Venkatesha et al., 2011).
Table (4-6) revealed that amelioration effects of the diclofenac alone or with curcumin or quercetin and both antioxidants on the tested parameters in the serum knee cartilage of arthritic rats. A significant correction occurred in all immunological and biochemical parameters as a result of administration of diclofenac alone and diclofenac with curcumin and/or quercetin to arthritic rats groups depending on the time of treatment. The maximum correction in all studies parameters was obtained in the arthritic rats group which treated with both antioxidants (Curcumin and quercetin) in the presence of diclofenac dependent on the time of treatment.
NSAIDs are frequently used to treat rheumatoid arthritis because of their analgesic and anti-inflammatory activities. NSAIDs achieve their effect by blocking the activity of COX. COX is a key enzyme in catalyzing the conversion of arachidonic acid, which is released from the cell membrane, into prostaglandin ( During severe infection or after severe injury, excessive synthesis and production of proinflammatory cytokines, including TNF-α, IL-1α and IL-6, play `a major role in the development of local and systemic inflammation, causing severe pathophysiological derangement or organ failure (Munford & Pugin, 2001 ). Inhibition of pro-inflammatory cytokine production by regulation of transcriptional factors, such as NF-κB, is a potential strategy for controlling inflammatory responses (Tak & Firestein, 2001 ).
Curcumin and quercetin potently inhibit the activation of some transcription factors including nuclear factor-κB (NF-κB), Various pathogenic stimuli, including bacterial products, carcinogens, tumour promotors, cytokines, radiation, ischemia/reperfusion, and oxidants can activate NF-κB via several signal transduction pathways. Upon activation, NF-κB is translocated to the nucleus, where it induces the expression of more than 200 target genes that have been shown to induce cell proliferation, invasion, metastasis, chemoresistance, and/or inflammation (Zhou et al., 2011).
Curcumin's inhibition of inflammatory cytokines is achieved through a number of mechanisms. In vitro studies indicate that curcumin regulates activation of certain transcription factors such as activating protein-1 (AP-1) and NF-κB in stimulated monocytes and alveolar macrophages, thereby blocking expression of cytokine gene expression. Down-regulation of intercellular signalling proteins, such as protein kinase C may be another way in which curcumin inhibits cytokine production (Jurenka, 2009). The oxidant and antioxidant paremeters were also enhancement after diclofenac, curcumin or quercetin treatment (Table 5) . COX-2-expression and NO generation are regulated by activation of the ubiquitous transcription factor NF-kB (Liacini et al., 2002) . In the inactive state, the p65 subunit of NF-kB is retained in the cytoplasm, but when NF-kB is activated, the phosphorylated p65 subunit of NF-kB translocates to the nucleus, where it binds to consensus regulatory DNA sequences directly regulating gene expression or trans-activating other transcription factors that possess NF-kB binding sites (Grall et al., 2003) . Thus, it is possible that curcumin suppresses COX-2 and iNOs expression by inhibiting NF-Kβ activation (Rahman et al., 2006 ). Curcumin and quercetin inhibited both IL-1α-induced NF-kB activation by phosphorylation of p65 and phosphorylation of NFkB inhibitor α (IkBa) which, in turn, lead to its degradation and consequently to the release of activated NF-kB ( On the other hand, flavonoids are known to display many antioxidant properties including scavenging free radicals and preventing lipid peroxidation (Rotelli et al., 2003) . The antioxidant properties of these molecules (polyphenols) were later explained on the basis of the availability of OH and the system of conjugated double bonds present in these molecules. However, many other effects of polyphenols such as anti-inflammatory, anti-tumour, antiatherogenic abilities could not be explained solely on the basis of their antioxidant properties.
Investigations into the mechanism of action of these molecules have thrown light on the fact that polyphenols may not merely exert their effects as free radical scavengers, but may also modulate cellular signalling processes during inflammation or may themselves serve as signalling agents (Aggarwal and Shisodia, 2004).
The significant (p<0.05) changes in the tissue levels of PGE2, COX-2, LPO, MDA and resistin in arthritic rats after receiving diclofenac, curcumin or quercetin were recorded in table  Table (6) . These results may be due to several polyphenols such as curcumin and quercetin inhibited COX-2, iNOS, 5-LOX, 12-LOX and phospholipase A2 (PLA2) activities ( Biochemical investigations of the flavonoid mechanisms of action have shown that these compounds inhibit a wide variety of enzymatic systems. The ability of certain flavonoids to inhibit both cyclooxygenase and 5-lipooxygenase pathways of the arachidonate metabolism may contribute to the anti-inflammatory properties (Rotelli et al., 2003) . Curcumin may has the ability to decrease the expression levels of the COX-2 mRNA and protein without causing significant changes in the COX-1 levels, which was correlated with the inhibition of prostaglandin E2 synthesis (Park et al., 2007) .
Arachidonic acid in cell membranes plays an important role in inflammatory responses by generating potent chemical messengers known as eicosanoids. Membrane phospholipids are hydrolyzed by phospholipase A2 (PLA2), releasing arachidonic acid, which may be metabolized by cyclooxygenases (COX), to form prostaglandins and thromboxane; or by lipoxygenases (LOX) to form leukotrienes. Curcumin has been found to inhibit PLA2, COX-2 and 5-LOX activities in cultured cells. Although, curcumin has been shown to inhibit the catalytic activity of the enzyme 5-LOX directly, it inhibited PLA2 by preventing its phosphorylation and COX-2 mainly by inhibiting its transcription. Nuclear factor-kappa B (NF-kB) is the transcription factor that enhances the transcription of the COX-2 gene and other pro-inflammatory genes (Henrotin et al., 2010) .
Decrease in the level of MDA after the treatment with both curcumin and quercetin in the same time with diclofenac may be due to the ability of polyphenols to scavenger ROS. Scavenging ROS would not only prevent the occurrence of oxidative stress but also help mitigate inflammation (Nair et al., 2006) . Due to antioxidants ability to scavenge free radicals and reactive species, thereby reducing oxidative stress and associated damage, various health claims have been made regarding the use of exogenous, dietary antioxidants (Blomhoff, 2005) . Consequently, the use of exogenous antioxidants to support the treatment of these diseases, or may be even cure them, has gained a lot of interest recently (Vertuani et al., 2004) .
From previous results, we can conclude that the combination between diclofenac and natural anti-inflammatory polyphenols are more effective in alleviating arthritis symptoms than can use NSAIDs only. The mixture group showed the maximum improvement after four weeks. Curcumin and quercetin in addition to their therapeutic role can block the undesirable effects for diclofenac. Therefore, using a mixture of curcumin and quercetin in the presence of diclofenac improves the pharmadynamics and pharmakinetic properties of diclofenac and also act together to decrease the harmful side effects of diclofenac.
